We report measurements of B-meson decays into two-and three-body final states containing two charmed baryons using a sample of 230 million Υ (4S) → BB decays. We find significant signals in two modes, measuring branching fractions B(B − → Λ + cΛ − c K − ) = (1.14 ± 0.15 ± 0.17 ± 0.60) × 10 Bottom (B) mesons are heavy enough to decay into charmed baryons, and do so at a rate of roughly 5% [1, 2] . The dominant decay mechanism is via b → W − transitions, with W − coupling to cs or ud [3] , both of which are Cabibbo-allowed. Theoretical predictions for the branching fractions of B mesons to baryon-antibaryon pairs have been made within the diquark model [4] and with QCD sum rules [5] . These suggest that decays to two charmed baryons (B → X c1Xc2 ) and to one charmed baryon and one light baryon (B → X c1X2 ) have comparable branching fractions, of the order of 10 −3 for individual modes.
Several inclusive measurements of B-meson decays to charmed baryons have been made [1] . In particular, the BABAR Collaboration recently performed an inclusive analysis of Λ + c production in which flavor tag information was used to identify whether the Λ + c came from a B or a B meson [6] . It was found that about a third of all Λ The Belle Collaboration has reported results on B decays to final states with two charmed baryons in both two-and three-body modes [9, 10] . They measured
are of the order of 1%-2% [11] , these results are compatible with the prediction that
). This is in stark contrast to the branching fractions of singly charmed decays, such as that of B 0 → Λ + cp which is (2.2 ± 0.8) × 10 −5 , smaller by two orders of magnitude [12] . The branching fractions of the three-body processes B → Λ + cΛ − c K were also found to be large:
+0.29
−0.23 ±0.12±0.42)×10 −3 [10] . Explanations for these widely varying values have been proposed [13, 14] . It was suggested that a kinematic suppression may apply to decays in which the two baryons have high relative momentum, since this requires the exchange of two high-momentum gluons. The rate of
c K decays could also be enhanced by finalstate interactions, or by intermediate charmonium resonances.
In this paper, we present measurements of the branching fraction of the decays 
We begin by reconstructing the long-lived strange hadrons:
− candidates are reconstructed from two oppositely charged tracks, and Ξ − → Λπ − from a Λ candidate and a negatively charged track. In each case, we fit the daughters to a common vertex and compute their invariant mass. The mass is required to be within 3σ of the central value, where σ is the experimental resolution and is approximately 4.0, 4.5, and 6.0 MeV/c 2 for K 0 S , Λ, and Ξ − , respectively. Candidates with a χ 2 probability below 10 −4 are rejected. For Λ candidates, we also require the daughter proton to satisfy PID criteria. The mass of the K 0 S , Λ, or Ξ − candidate is constrained to its nominal value [1] for subsequent fits.
We suppress background by requiring the transverse displacement between the event and decay vertices to be greater than 0.2 centimeters for K of which travels several centimeters on average. We also require that the scalar product of the displacement and momentum vectors of each hadron be greater than zero, and that the transverse component of the displacement vector of a Ξ − candidate be smaller than that of its Λ daughter.
Next, we reconstruct the charmed baryons Λ + c , Ξ 0 c , and Ξ + c in the decay modes listed previously. In each case, we fit their daughters to a common vertex, require the invariant mass of the charmed baryon candidate to be within 18 MeV/c 2 (approximately three times the experimental resolution) of the nominal mass [1] , reject candidates with a χ 2 probability below 10 −4 , and then constrain the masses to their nominal values. We also require that daughter kaons and protons of the charmed baryons satisfy the PID criteria for that hypothesis.
We reconstruct B-meson candidates in the following final states:
, fitting the daughters to a common vertex and requiring that the χ 2 probability is at least 10 −4 . We also apply the kinematic and PID requirements mentioned above to the K Figure 1 
Decays of this kind are distributed as signal in m ES and ∆E but have a smooth distribution for the mass spectrum of the misreconstructed charmed baryon, unlike signal decays which also peak in the charmed baryon mass. In studies of the Ξ c and Λ c mass sidebands, we find no evidence for these processes and conclude that their contribution is negligible.
Another important source of background is feed-down from related processes. The B meson can undergo a quasi-two-body decay via an excited charmed baryon such as B → Ξ * cΛ − c , or a non-resonant multi-body decay such as B → Ξ cΛ − c π. These events have similar distributions to the signal for m ES and the charmed baryon invariant masses, but are displaced in ∆E by an amount that depends on the final state but is generally more than 50 MeV. We remove these backgrounds by requiring that signal candidates satisfy |∆E| < 22 MeV. Finally, we require 5.2 < m ES < 5.3 GeV/c 2 . The average number of reconstructed B candidates per selected event varies between 1.00 and 1.14 depending on the final state. In events with more than one candidate, the one with the smallest |∆E| is chosen. We verify with MC and events from data sidebands that this does not introduce any bias in the signal extraction. Studies of simulated events show that 1%-3% of signal events are incorrectly reconstructed with one or more tracks originating from the other B in the event; this effect is taken into account implicitly by the efficiency correction described later.
The signal yields are extracted from an unbinned extended maximum likelihood fit to the m ES distribution. We use separate probability density functions (PDFs) for signal and background events. The likelihood function TABLE I: Fitted signal yield, detection efficiency ε, significance S, measured branching fraction B, and (for S < 2) the upper limit on B for each decay mode. The uncertainties on B are statistical, systematic, and the uncertainty from the branching fraction B(Λ for the N candidates in the event sample is given by
where S here denotes the signal and B the background, P is the PDF (normalized to unit integral), and n is the yield. The signal PDF is parameterized as a Gaussian function with σ fixed to a value obtained from a fit to simulated signal events. The Gaussian mean is also fixed to the value obtained with simulated signal events, except for
where there is sufficient signal in the data to fit this parameter. The background PDF is parameterized as an ARGUS function [19] . We allow the ARGUS shape parameter to vary within a physically reasonable range in the fit to the data.
The fitted m ES distributions of the four final states are shown in Fig. 2 
, where ∆ ln L is the difference in likelihood (incorporating the fitting systematic uncertainty) for fits where the signal yield is allowed to vary and where it is fixed to zero, respectively. The results of the fits are shown in Table I . The efficiency is determined by applying the same analysis procedure to simulated signal events. For the threebody B-meson decays, the efficiency depends upon the distribution in the Dalitz plane. We weight the simulated events to reproduce the efficiency-corrected, backgroundsubtracted distribution seen in data for
As a crosscheck, we also compute the efficiency assuming a phase-space distribution and find a difference of less than 10% in each case.
We then obtain each branching fraction as:
where X c is the charmed baryon (Λ
, n Sj is the signal yield extracted from the fit to the data for the j th sub-mode, i B ij is the product of the daughter branching fractions, N B is the number of neutral or charged B mesons, and ε j is the signal detection efficiency. We assume equal decay rates of the Υ (4S) to − π + ) = 1.07 ± 0.14 [1] so that its value can also be expressed as the product of the same two branching fractions.
For each decay mode, Table I gives the values of n S , ε, the significance, and the branching fraction. For each mode with a significance below 2 standard deviations, we calculate the Bayesian upper limit [1] on the branching fraction including systematic uncertainties and obtain B(B 0 → Λ
at the 90% confidence level. Table II lists the main systematic uncertainties and their sum in quadrature. The largest uncertainty is from the charged track reconstruction efficiency, evaluated with control samples of τ decays. A small correction is also included due to a known data/MC difference in tracking efficiency. Other sources of systematic uncertainty considered include: the number of BB pairs in the data sample; the limited size of the signal MC samples; the PID efficiency, which is evaluated with control samples of
, and φ → K + K − decays; possible differences in ∆E resolution between data and MC, which are estimated with control samples of B → DDK decays; charmed baryon branching ratios relative to the control modes [1] ; the Λ branching fraction [1] 2 ), shown in Fig. 3 . After taking into account the expected background (estimated from the m ES sidebands), the Λ + c K − mass spectrum of the data is inconsistent with a phase-space distribution (χ 2 probability of 1.5 × 10 −7 ). Fitting the data with a single, non-relativistic Breit-Wigner lineshape convolved with a Gaussian function for experimental resolution, we obtain m = 2931 ± 3(stat) ± 5(syst) MeV/c 2 and Γ = 36 ± 7(stat) ± 11(syst) MeV. We do not see any such structure in the m ES sideband region. This description is in good agreement with the data (χ 2 probability of 22%) and could be interpreted as a single Ξ 0 c resonance with those parameters, though a more complicated explanation (e.g. two narrow resonances in close proximity) cannot be excluded. Due to the limited statistics, the helicity angle distribution does not distinguish between spin hypotheses.
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